Abstract: Electrical Railroads provide electric power, which can operate vehicles, via feeder wires. And the supplied current returns to the transformer substation through lines and ground net. The return current, related to signal, power and power line, and track circuit systems, is one of the most important components in the electric railway. Therefore, to prevent system faults and breakdown according to unbalance and overcurrent of the return current, various and detailed analyses for the return current are needed. In the paper, we present measurement and analysis manners in real environment and evaluate its safety. For analysis, we utilize the measured values of return currents measured in track circuits in electric railway. we expect that this research plays a key role to the related fields.
INTRODUCTION
Based on the past 2007, our country paid huge costs amounting to 24 trillion Won to traffic congestion costs, which is the huge amount reaching 3% of the entire gross domestic product(GDP). Recently, as we faced with the global warming problem and environmental problem, etc. all over the world, the railway is recounted as the sustainable means of transportation. However, in case of railway, it can be linked directly to the huge damage to the human lives and properties when an accident occurs, while at the same time it is the most efficient means of transportation as the means of transportation suitable for the mass transport. Thus, the safety precaution against accident is the most important thing before everything.
The return current is associated with the signal, electricity, catenary and track system, and it is one of the most important elements which has to be handled to protect the electric system related with the railway in accordance with the safety of trackside staff and electrification. Especially, in case where the train control system which is responsible for the safety of train operation is malfunctioned by the influence of return current, it can cause the serious problem such as the serious accident and discontinuation of train operation, etc. Moreover, since recent train control system is on a trend to be converted to the train control system realizing a virtual block and moving block system caused by the wireless communication which applies ICT (Information  and  Communication  Technology) , it is necessary to analyze the inductive disturbance of system and system failure, etc. caused by the unbalance of return current and overcurrent state more seriously [1] [2] [3] [4] [5] [6] [7] .
Especially, the facility validation test must be conducted as the Railway Safety Act was revised, and although the suitability of return current for track circuit must be verified as a part of this test, any concrete test method or criterion was not prepared. This paper analyzed the relationship of return current in accordance with vehicle operation speeds in the electric railway section on the basis of the return current which was measured and analyzed in accordance with the operation of railway vehicle in the electric railway section newly established to check the return current where the test must be performed according to the revised Railway Safety Act, and evaluated safety by measuring the return current and the extent of imbalance in return current of left and right rail in accordance with the limit of allowable return current value of impedance bond [8] [9] [10] [11] .
METHOD AND CRITERION FOR MEASUREMENT OF RETURN CURRENT OF THE ELECTRIC RAILWAY SECTION
We measured the return current with KTX as its target which is being operated in three places such as the electric railway substation, electricity feeding station between electric railway substations, and the vicinity of station, etc. including vicinities of electric railway substation where it is expected that the return current will be measured to be high among newly established electric railway sections. More concretely speaking, we measured it by composing a measuring system like Figure 1 at the impedance bond located at the up-line in the vicinity of electric railway substation, at the impedance bond located at the up-line in the vicinity of electricity feeding station, and at the impedance bond located at the up-line in the vicinity of southern part of the station. To measure the unbalance of return current running in the left and right sides of rail at the same time when measuring the return current, we measured left and right sides of rail by dividing them, and measured three times for each measuring place repeatedly by dividing speeds of train being operated into the low speed(170km/h) and high speed(270km/h). 
RESULT OF MEASUREMENT AND ANALYSIS ON THE RETURN CURRENT

Impedance bond in the vicinity of electric railway substation
In case of the measurement test for return current of impedance bond located at the up-line in the vicinity of electric railway substation, we installed a sensor at the trackside impedance bond and measured it within the vehicle parked closely to the line to the maximum within the premise of electric railway substation due to the typhoon on test day.
Return currents were measured for each of the train speed at 170km/h and 270km/h when the train passed through, and the result of measurement on these return currents is like Tables 2 and 3 . maximum value of return current measured must be the same as that value summed up of maximum values of measured current measured at the left and right sides of rail, and as shown in Tables 2 & 3 Maximum value of return current measured in accordance with the proceeding direction of train and those values measured at left and right sides of rail are shown in the graph as red and black colors like Table 2 and Figure 2 for the return current measured at the impedance bond in the vicinity of electric railway substation when the train is driving at 170km/h, and like Table 3 and Figure 3 for the return current measured when driving at 270km/h. As shown in Figures 2 and 3 , we could see that the measured value of return current at the time when the train passed through at the impedance bond in the vicinity of electric railway substation was suitable because it was far less than 430A which was the allowable value of impedance bond. In (a) of Figure 2 , although the return current was risen to 192A for two seconds when it was measured at the up-line 2 at the time when the train was driving at 170km/h, it can be negligible in case where the limit of instantaneous value(800A for one minute) based on the specifications of impedance bond is considered, and even if this limit of instantaneous value is not considered, it was judged that the measured value in the vicinity of electric railway substation was very good since the return current was measured to be maximum of about 134A like (b) of Figure 2 . And for the unbalance to the values of current measured by dividing them into the left side and right sides of rail, it was judged that the unbalance of return current in the vicinity of electric railway substation was appropriate since it was shown that there was a difference of up to about 6.1A instantaneously during the measurement time and the measured value was shown in the similar form on the whole, although the maintenance is conducted if there is a difference by more than 10% both home and abroad.
Impedance bond in the vicinity of electricity feeding station
Maximum value of return current measured in accordance with the proceeding direction of train and those values measured at left and right sides of rail are shown in the graph as red and black colors like Table 4 and Figure 4 for the return current measured at the impedance bond in the vicinity of electricity feeding station between an electric railway substation and another electric railway substation when the train is driving at 170km/h, and like Table 5 and Figure 5 for the return current measured when driving at 270km/h. When looking at the measurement graphs in Figures 4 and 5, we could see that the value of return current measured was less than 430A on the whole which was the allowable value of impedance bond. And it was judged that the unbalance of return current was good since there was little difference in values of return current measured at the left and right sides of rail.
Return current was measured to be higher at the impedance bond in the vicinity of electricity feeding station than that in the vicinity of electric railway substation. This is because the electricity feeding station is the point where the return current is flowing out from the rail like electric railway substation also, and it could be confirmed that it was necessary to measure the return current by dividing an electric railway substation and the electricity feeding station separately when measuring the return current.
Impedance bond in the vicinity of station
Maximum value of return current measured in accordance with the proceeding direction of train and those values measured at left and right sides of rail are shown in the graph as red and black colors like Table 6 and Figure 6 for the return current measured at the impedance bond in the vicinity of station when the train is driving at 170km/h, and like Table 7 and Figure 7 for the return current measured when driving at 270km/h. As you may see in Figures, there was little difference in measured values of left and right sides of rail since the measurement deviation of left and right sides of rail was very small.
As you may see in the measurement results for the vicinity of station, although measured values were less than 430A which was the allowable value of impedance bond, they were not far less than measured values of other two places. In case of the vicinity of station, it is because the neutral point of each impedance bond was connected together to divide the boundary of non-insulated and insulated since the non-insulated AF track circuit and insulated impedance track circuit are coexisted. In addition, since there was little difference in values of return current which were measured by dividing them into the left and right sides also, we could see that the level of influence by unbalance of return current was negligible. 
CONCLUSION
This paper presented tests and test results to check whether or not the return current which is occurred in accordance with the operation of railway vehicle in newly established electric railway sections exceeds the allowable limit of impedance bond of the return current. And the safety of return current was evaluated by measuring the extent of unbalance in currents of left and right sides of rail. The return current was measured with impedance bonds in the vicinity of electric railway substation, electricity feeding station between an electric railway substation and another electric railway substation, and in the vicinity of station of the electric railway section which was newly established to measure the return current as its target, and it was confirmed to be suitable since all of the results of analysis found out to be far less than the limit of allowable value.
And we could see that the level of influence in accordance with the unbalance in return current of the left and right sides of rail was slight also. This paper has a significance that it presented the method of measurement and analysis at the actual field and the test criteria to evaluate system safety so as to prevent the inductive disturbance of system and system failure caused by the unbalance of return current and overcurrent state, and we expected that it will contribute to the relative fields greatly in the future. Especially according to the Railway Safety Act which was revised recently, since it must be confirmed that the return current for track circuit is suitable for the operation of newly established railway line, the test method and its result presented in this paper will contribute to the test and analysis of return current to check the operation of newly established railway line in the future as the first test result in accordance with the revised Railway Safety Act. 
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